Abstract-A Ranchero flux compression generator (FCG) was recently tested at the 76 MA level. Ranchero generators were designed to be cost effective high current devices, and a variety of configurations have been tested. The Ranchero armature is a 152 mm diameter aluminum cylinder with a 6 mm thick wall. The high explosive (HE) is detonated simultaneously on axis, and the armature is expanded by a factor of two. At the final 300 mm diameter, the circumference is over 950 mm, which has been anticipated to accommodate currents approaching 100 MA. The test was performed with a 43 cm long module having an initial inductance of 56 nH, and a load inductance of 0.55 nH, consisting of a short load feed slot and probe grooves. A 12 mF capacitor bank at ~16.5 kV provided the initial 3.75 MA seed current. The performance of the generator with this load was calculated using a 2D MHD ALE code, and agreement was excellent. Generator design, test data, and details of the MHD calculations are given. The most important aspect of the results is verification of codes at the 76 MA level. The same codes do not show excessive losses up to the 100 MA level, and it is a much smaller extrapolation to that level at this time.
INTRODUCTION
Ranchero has been tested in several configurations [1, 2, 3] and Fig. 1 shows the essential components of our most common one. This design features aluminum and brass construction for the flux compression components, a sophisticated discrete-point slapper initiation system, and castable PBXN-110 high explosive (HE). Ranchero was envisioned to be a versatile and cost effective FCG, and designs purposely have stayed away from critical design margins. For example, the design is insensitive to explosive energy and minor imperfections in the expanding armature. To guard against performance degradation caused by imperfect armature expansion, initial tests used thick insulation where Fig. 1 shows a 0.5 mm polyethylene (poly) wrap. Armature performance has been good, however, and the poly layer and the slight taper indicated have been shown to work well. As the armature reaches the stator, the circumference exceeds 95 cm. A practical rule for Los Alamos FCG designs has been to limit current to one MA per centimeter of conductor width, and this leads to the assertion that Ranchero FCGs can operate at currents approaching 100 MA. MHD codes have corroborated the rule, but the need for current at that level has never arisen and until recently the highest current from a Ranchero generator has been about 50 MA. The FCG that has evolved is capable of generating large currents with a minimum of complexity and expense, when operated at the HE pulsed power facility at Los Alamos National Laboratory, Recently, the goal of demonstrating that the 43 cm module was a good experimental platform was established, and that was combined with the desire to test high current performance. A subsystem failure at the beginning of the effort gave rise to a thorough review of all aspects of the design and operation, and all weaknesses uncovered were remediated. The result was a robust design that can be used in routine operations, and a test that generated 76 MA into a static 0.55 nH load. 
II. FORTY THREE CENTIMETER MODULE FEATURES
The 43 cm module was originally built and tested to prove that the Ranchero concept was feasible and longer ones (one meter, and 1.37 m) were intended to be used with physics loads. With experience, however, there are features of the 43 cm module that make it an attractive driver in many cases.
One attractive feature focuses on the axial detonation system, which is a discrete-point slapper detonator array. A wide variety of slapper systems have been used, and are discussed in detail in a recent Ranchero Status report [4] . For this discussion, it is sufficient to say that a slapper system with 24 points at 18 mm intervals is used for the 43 cm module, and it has been demonstrated to be reliable and cost effective. A discrete point detonation system will always lead to a ripple on the armature which may cause flux to be lost from the system. The armature ripple inherent in the 18 mm separation does not lead to flux pocketing for the configuration of Fig. 1 . Recent calculations suggest that the smoothing layer is not necessary with these dimensions, but tests to demonstrate that have not been done.
At LANL, we have a 2.4 MJ (12 mF at 20 kV) capacitor bank at a dedicated explosive pulsed power facility where all Ranchero tests have been performed. With this bank as a seed current source, experiments are very cost effective. Table 1 gives bank and hookup inductance, and initial inductance (L0) for three modules. The initial current that can be delivered is reduced for modules with larger inductance, but a larger fraction of the circuit flux is in the flux compression volume in those cases. It can be shown that 43 cm modules outperform 1.37 m modules until the load inductance is increased to 0.92 times the residual inductance of the 43 cm module. The residual inductance is quite small (~1nH or ~0.025 nH/cm) but the benefit does not outweigh the extra cost, complexity and HE weight of the larger modules until loads get to be relatively large. Table 2 shows the degree of performance increase. The curve in Fig. 2 was generated using a 43 cm module with a 5 nH load and the same experiment with a 1.37m module would have only generated ~65 MA. That is, 1.56 times more current from a generator that is 3.19 times the length. To realize the full potential of the longer modules, a booster generator can be used to provide higher initial current, but many good experiments can be done with just the bank and this small module. Finally, there are notable advantages of the 43 cm module that are based on size alone. A crane is typically used for major assembly steps, but the light-weight nature of the parts facilitates very easy assembly and only the stator is too heavy for a single individual to handle. The HE charge is ~12 kg, which minimizes wear and tear on the firing point and reduces concerns about starting fires. The largely aluminum construction and small HE weight also reduce concerns for far reaching shrapnel.
III. HIGH CURRENT TEST
Experiments have been performed at currents of 50 MA or less over a wide range of load inductances using 43 cm modules [5, 6] and there seemed to be no advantage in further demonstrating performance at those levels. The decision was made to aim for substantially more than 50 MA for the final test in our recent effort. The primary purpose was to show that this module was a good experimental platform for physics experiments. To achieve this, a minimum load-inductance configuration was determined and calculations performed to predict the current level that would be achieved. The final parameters chosen for the test were a 0.55 nH load, consisting of probe grooves and an output insulator, and 16.5 kV initial charge on the 12 mF capacitor bank. The bank will operate at a voltage approaching 20 kV, but the prediction of 78 MA peak current that followed from the 16.5 kV charge voltage was a good advance in performance. It also allowed us to avoid the risks of full-voltage bank operation and pushing the generator into a high-loss regime. The results of the test are given in Figs. 3-6. Fig. 3 shows the initial current, which peaks at 3.75 MA, and Fig. 4 shows the generator waveform, which peaks at 76.16 MA. Fig. 5 shows the fringes from the Faraday rotation current measurement at the time around peak current, and Fig. 6 shows the dI/dt derived from the Faraday measurement. The smooth peak on dI/dt at 14 MA/μs is a good indication that there was no substantial flux pocketing as the armature reached the stator. Besides demonstrating FCG performance, this experiment also tested high current joints. Voltage measurements across these joints revealed no losses for the entire life of the experiment. 
IV. MODELING
A complete MHD treatment with a Los Alamos ALE code was used to make the predictions shown in Fig. 7 . The agreement is excellent, and this capability clears the way for high fidelity predictions for applications at or below this level, and provides a much smaller extrapolation for the predictions of peak currents in the 90-100 MA range. Fig. 8 shows the problem setup for the MHD calculation and gives important computational parameters. Fig. 9 shows the initial configuration with all the insulators in place. Fig. 10 shows two frames of the SF 6 only calculation, which are instructive. In these figures, one can see that the armature contacts the input end first and then zippers toward the output. A very small amount of flux may be pocketed where the jet from the curved glide plane [1] impacts the stator wall. This loss could be eliminated by using machined HE, which would allow for precise location of the HE ends with respect to the two glide planes, but for now, eliminating this loss does not justify the extra expense of machined charges. 
V. CONCLUSIONS
Ranchero has now been demonstrated to be a useful tool for high current physics experiments. Modules as long as 1.37 m, with initial inductance of 196 nH, are available but 43 cm modules provide a good compromise between cost and peak current in many instances. The design and operation have recently been thoroughly reviewed and any perceived weaknesses remediated. Static 5 nH loads have been driven directly at the 42 MA level, and with a passive fuse opening switch for pulse shortening at the 30 MA level. A recent experiment delivered 76 MA to a minimum inductance (0.55 nH) load and agreement between experiment and calculations is excellent. This allows computations predicting performance in the 100 MA range to be viewed with greater confidence and with certainty at 76 MA or below. At full voltage, the 12 mF bank will deliver 4.4 MA to a 43 cm Ranchero module. Direct scaling of the 76 MA test results indicates ~ 89 MA would be generated. A system consisting of the bank, as a seed source, and the 43 cm FCG module constitutes a versatile, simple, and cost effective platform for high current experiments.
